The small carpenter bee, Ceratina calcarata (Robertson), is a widespread native pollinator across eastern North America. The behavioral ecology and nesting biology of C. calcarata has been relatively well-studied and the species is emerging as a model organism for both native pollinator and social evolution research. C. calcarata is subsocial: reproductively mature females provide extended maternal care to their brood. As such, studies of C. calcarata may also reveal patterns of relatedness and demography unique to primitively social Hymenoptera. Here, we present 21 microsatellite loci, isolated from the recently completed C. calcarata genome. Screening in 39 individuals across their distribution revealed that no loci were in linkage disequilibrium, nor did any deviate significantly from Hardy-Weinberg following sequential Bonferroni correction. Allele count ranged from 2 to 14, and observed and expected heterozygosities ranged from 0.08 to 0.82 (mean 0.47) and 0.26 to 0.88 (mean 0.56), respectively. These markers will enable studies of population-wide genetic structuring across C. calcarata's distribution. Such tools will also allow for exploration of between and within-colony relatedness in this subsocial native pollinator.
Microsatellite markers are popular and frequently employed for studies of relatedness and population genetics. Owing to their high mutation rate and population variability, microsatellite loci can be targeted to reveal subtle changes in population structure and composition, kinship, patterns of paternity, and heritability (reviewed in Powell et al. 1996; Sunnucks 2000) . The design and optimization of these powerful molecular tools has been improved and greatly expedited by next-generation sequencing (Grover and Sharma 2016) . Given their multiscalar capacity to reveal patterns of both population and family structure, the development of microsatellite markers remains an informative and important endeavor.
Bees are represented by over 20,000 described species and occur on all continents except Antarctica (Michener 2007) . Highly efficient pollinators, bees make a significant contribution to the productivity of both agricultural and natural systems (Kremen et al. 2002; Klein et al. 2007; Brittain et al. 2012) . Fine scale population research has revealed a great deal about how bees affect and are affected by ecological conditions (Cameron et al. 2011; Bartomeus et al. 2013) . Such studies have helped distinguish subspecies (e.g. Melipona spp. Tavares et al. 2013) , population distribution (Bombus spp. Geib et al. 2015) , effects of land use practices (Dreier et al. 2014) , as well as conflicts between managed and wild bee populations (Moreira et al. 2015) . The development of microsatellite markers thus allows for the comprehensive study of bee biology and demography at a macroscopic scale, and informs our ability to implement biologically meaningful pollinator conservation practices.
The small carpenter bee, Ceratina calcarata (Robertson), is one of five very recently diverged and largely sympatric species of Ceratina found across eastern North America (Rehan and Sheffield 2011; Shell and Rehan 2016) . C. calcarata is a generalist pollinator (McFrederick and Rehan 2016) and, given its broad range and high abundance, contributes to the productivity of a large number of ecological and agricultural systems. C. calcarata is also subsocial: females provide extended maternal care to their brood, and defend and clean their offspring into adulthood (Rehan and Richards 2010) . Subsocial behavior is considered foundational to the evolution of more complex social forms (reviewed in Rehan and Toth 2015) ; as such, C. calcarata is also emerging as a model organism for studies of social evolution (Rehan et al. 2014 ).
Significant molecular resources are available for C. calcarata in the form of an annotated transcriptome (Rehan et al. 2014) , methylome and genome . Among many powerful and practical applications, such data avails the rapid and reliable development of molecular markers. Here, we isolated microsatellite loci from the C. calcarata genome, and optimized a suite of 21 polymorphic markers in 39 individuals from across the species' range. These primers make available multiscalar population genetics studies, and will allow researchers to investigate relatedness and patterns of parentage in this unique subsocial pollinator.
Materials and Methods
Microsatellite loci were isolated from the recently published C. calcarata genome ) using the Microsatellite Identification Tool (MISA; Thiel et al. 2003) interfaced with an executable version of Primer 3 (Koressaar and Remm 2007; Untergasser et al. 2012) . MISA was used to trim genomic reads to lengths of 20 kb to facilitate scans. To ensure microsatellite quality, MISA was configured to select loci based on strict minimum motif repeat requirements (mononucleotides ¼ 15; dinucleotides ¼ 7; trithrough hexanucleotides ¼ 5). The resulting 2,010 putative microsatellite loci and flanking regions were sorted in descending order of motif length and motif repeat count. Flanking regions were then visually inspected for self-complementarity to prevent hairpin or excessive primer dimer formation. Putative primer pairs were also screened to ensure <1 C difference in melting temperature between forward and reverse oligos. A top fifty candidate primers were then assessed for amplification performance and polymorphism in 16 females from across C. calcarata's range (C. calcarata is haplodiploid, thus primers must be screened in females to accurately assess heterozygosity). We followed the methodology of Schuelke (2000) and designed forward primers modified with a partial M13 tail. This M13 oligo extension for 10 min. PCR products were mixed with HiDi Formamide (Applied Biosystems, Foster City, CA, USA) before being sent to the DNA Analysis Facility at Yale University for fragment analysis on a 3730xl Analyzer. Alleles were manually scored using Peak Scanner 2 (Applied Biosystems, Foster City, CA, USA). After initial PCR, 21 loci were further screened for polymorphism and performance in an additional 23 females (total screening panel N ¼ 39). Loci were tested for Hardy-Weinberg and linkage disequilibrium using GenePop 4.2 (Raymond and Rousset 1995; Rousset 2008) . Each locus was then assessed for expected and observed heterozygosity (H e and H o respectively) and total alleles (k) using GenAlEx 6.502 (Peakall and Smouse 2006, 2012) . All 21 microsatellite loci were uploaded to GenBank under accession numbers KU945359-KU945379 (Table 1) .
Results and Discussion
This suite of 21 microsatellite loci are the first primers developed for a member of the New World Ceratina, and the first set developed for the genus using a reference genome. No loci were found to be in linkage disequilibrium, nor did they diverge significantly from Hardy-Weinberg equilibrium following sequential Bonferroni correction. Observed and expected heterozygosities ranged from 0.08 to 0.82 (mean 0.47) and 0.26 to 0.88 (mean 0.56), respectively (Table 1) . Our results are thus very similar to those of other recent hymenopteran microsatellite development projects (Rabeling et al. 2014; Chen et al. 2015; Vickruck 2015) . These loci will be informative in exploring the population structure, patterns of parentage, and kinship dynamics in C. calcarata. As C. calcarata is closely related to four other native Ceratina species (Rehan and Sheffield 2011; Shell and Rehan 2016) , these loci may also cross-amplify (as in Ceratina flavipes, Azuma et al. 2005 ; and Halictus rubicundus (Christ), ) allowing for genus-wide research and conservation.
Additionally, these microsatellite loci can be powerful markers for understanding the evolution of social structure. Microsatellite markers have been used to reveal variation in queen-worker dynamics by geography (Richards et al. 2005) , and deviations from expected worker kinship in a eusocial sweat bee (Lasioglossum malachurum (Kirby), ). Such markers have also been used to reveal mating structure in a communal bee (Andrena jacobi (Perkins), Paxton et al. 1996) and polymorphism in reproductive strategy and sociality among populations of Halictus scabiosae (Rossi) (Ulrich et al. 2009 ). As C. calcarata is subsocial (Rehan and Richards 2010) it likely represents an early stage in the evolution of eusociality (Rehan and Toth 2015) . By employing even a subset of our 21 markers in a study of C. calcarata inter-and intracolony relatedness, we may be able to uncover similarly cryptic social dynamics in a bee putatively on the cusp of incipiently social reproductive behavior (Rehan et al. 2014) .
Protocols for the discovery and optimization of microsatellite loci are numerous and have evolved over decades of population genetics studies (e.g. Glenn and Schable 2005; reviewed in Zane et al. 2002) . To secure even one useful microsatellite was originally a laborious procedure with few guarantees: isolated loci were random, or limited to sites complimentary to specially designed probes (Ostrander et al. 1992; Queller et al. 1993; Kijas et al. 1994) . Whole genome sequencing technologies have made great advancements in quality and accessibility of genetic resources over the past decade (Hudson 2008; Ekblom and Galindo 2011; vanDijk et al. 2014) . Improved availability of such powerful resources has greatly expedited and improved the generation of microsatellite primers for many novel species (e.g. copperhead snakes, Castoe et al. 2010; water striders, Perry and Rowe 2011) . The generation and analysis of whole genomes is still an expensive and bioinformatically exacting endeavor (reviewed in Lemmon and Lemmon 2013); by contrast, microsatellite markers are affordable and adaptable tools, suited to a wide range of research.
